Introduction {#s1}
============

One of the undesirable effects of bonding orthodontic attachments to enamel is the enamel color change at the end of treatment. Enamel color alterations can be divided into internal or external color changes.^[@R01]^ Pulpal bleeding or necrosis, meta-morphosis calcification, fluorosis, systemic drugs such as tetracycline and iatrogenic factors can cause internal color changes.^[@R02]-[@R05]^

External color alterations may occur due to cigarette smoking, staining drinks (such as coffee, tea and cola), ultraviolet irradiation and bonding of resin tag remnants to enamel.^[@R06]-[@R08]^These color changes are usually unsightly, especially in anterior areas and result in patient dissatisfaction with their orthodontic treatment.

Despite relatively numerous studies available on decalcification following acid etching, there is no evidence available on enamel color changes.^[@R09]^ Almost all of the previous studies concerning color stability have reported that different drinks can have various staining effects on composite resins depending on their composition and properties.^[@R10]-[@R13]^Ertas et al^[@R14]^reported that red wine caused more composite discoloration compared to water, cola, tea, and coffee. Similarly, Guler et al^[@R15]^ found that red wine produced the most severe discoloration in light-polymerized and microhybrid composite resins, followed by coffee and tea. In addition, Bagheri et al^[@R16]^ showed that coffee, tea and red wine caused more discoloration than soy sauce and cola. However, no study to our knowledge has studied staining effects of cola on etched enamel following immediate versus delayed exposure.

Although there are some studies on the effect of extended time of etching on bond strength, to the best of our knowledge, no study has evaluated the discoloration effect of enamel following extended etching time. Ito et al^[@R17]^found that a short etching duration (10s) provided higher bond strength than extended etching (30s, 60s) of samples contaminated with saliva and blood. Chousterman et al^[@R18]^recommended that extension of acid etching time to 90s will improve tensile bond strength of composite bonded to Er:YAG laser-prepared dentin. On the other hand, according to Oliveira et al^[@R19]^etching time had no significant effect on the bond strength of the adhesives to dentin. Contrary to this finding, Hiraishi et al^[@R20]^ found that extended etching time had an adverse effect on the microtensile bond strength for normal dentin.

Since tooth discoloration, especially after fixed orthodontic therapy, can cause dissatisfaction, the aim of this study was to evaluate the effect of different acid etching times on color stability of enamel following immediate versus delayed exposure to colored artificial saliva.

Materials and Methods {#s2}
=====================

One hundred freshly extracted human first premolars were selected for this study. The exclusion criteria included teeth with carious lesions, cracks, hypoplasia or obvious enamel discolorations. At first, all the crown surfaces were cleaned with pumice slurry.

Teeth were then mounted in 1 × 2 cm acrylic moulds 1.0 mm below the CEJ. Midpoints of the buccal and lingual surfaces were recorded using a clipper to allow repeated measurements of the same area. The centers of each buccal and lingual surface were evaluated by a colorimeter (Minolta CR-300, Minolta Co, Osaka, Japan) with the right angle according to the Commission Internationale del\' Eclairage, L^\*^, a^\*^, b^\*^ (CIE lab) system. In order to reduce the effect of external light, color measurements were made at midday in the same place every time.

The teeth were divided into five groups (n=20). In group A, the samples were not etched. In the remaining four groups (B-E), the buccal surface of each tooth was etched with 35% phosphoric acid (Ultra Etch, Ultradent Products Inc, USA) for 15 seconds, and then rinsed and dried for another 15 seconds. The same procedure was repeated for the lingual surface, except that it was etched for 60 seconds and washed so as not to cause critical contamination of the buccal surface.

In the next step, samples in groups A and C were immersed immediately in colored artificial saliva containing Nacl--Hydroxy Propyl Metyl cellulose and cola (water, sugar, caramel color, phosphoric acid, caffeine and favor) and in group B, the teeth were immersed only in artificial saliva (AS). Samples in groups D and E were immersed in AS for 24 and 72 hours, respectively, before being immersed in colored AS. All the samples were stored at 37°C.

To simulate clinical conditions as much as possible, the teeth were immersed for a test period of one month (2592000 seconds) in each solution before color measurement. Then color measurement was carried out with a colorimeter and color changes of the buccal and lingual surfaces were calculated. The colorimeter was calibrated according to manufacturers\' instructions.

To reduce errors, colorimetric measurements were repeated with a one-hour interval in 50 samples and the mean values of L^\*^, a^\*^, b^\*^ were calculated.

Statistical analysis was performed using SPSS 11.5. Differences between the groups were investigated using the non-parametric Kruskal-Wallis test. To compare color changes of the buccal and lingual surfaces in each group, the Wilcoxon test was used. Statistical significance was set at P \< 0.05.

Results {#s3}
=======

As shown in [Table 1](#T1){ref-type="table"}, Kruskal-Wallis test did not reveal a significant difference between the five groups in term of the ΔE of the buccal (P = 0.148) and lingual surfaces (P = 0.73). However, group B (P = 0.014) and E (P = 0.046) showed significant differences between the DE of the buccal and lingual surfaces.

###### Means and standard deviations of color changes (ΔE) of the buccal and lingual surfaces of the test groups

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------ ------------------------------------ -----------------
  Groups                                                                                                                                                                                                            Color change values (ΔE) mean ± SD   Color change values (ΔE) mean ± SD   Wilcoxon signed
  (Buccal surface)                                                                                                                                                                                                  (Lingual surface)                    rank test                            
  A                                                                                                                                                                                                                 1.07 ± 0.12                          1.31 ± 0.38                          P = 0.093
  B                                                                                                                                                                                                                 1.45 ± 1.40                          1.20 ± 0.53                          P = 0.014^\*^
  C                                                                                                                                                                                                                 1.07 ± 0.14                          1.10 ± 0.25                          P = 0.794
  D                                                                                                                                                                                                                 1.02 ± 0.01                          1.07 ± 0.13                          P = 0.296
  E                                                                                                                                                                                                                 0.07 ± 0.16                          1.18 ± 0.18                          P = 0.046^\*^
  Kruskal-Wallis test                                                                                                                                                                                               P = 0.73                             P = 0.148                            
  ^\*^p \<0.05                                                                                                                                                                                                                                                                                
  Group A: The samples were exposed to staining solution without acid etching.                                                                                                                                                                                                                
  Group B: After acid etching (15 seconds for buccal surface, 60 seconds for lingual surface), the samples were immersed in simple artificial saliva.                                                                                                                                         
  Group C: After acid etching (15 seconds for buccal surface, 60 seconds for lingual surface), the samples were immersed in colored artificial saliva.                                                                                                                                        
  Group D: After acid etching (15 seconds for buccal surface, 60 seconds for lingual surface), the samples were immersed in simple artificial saliva for 24 hours, and then exposed to colored artificial saliva.                                                                             
  Group E: After acid etching (15 seconds for buccal surface, 60 seconds for lingual surface), the samples were immersed in simple artificial saliva for 72 hours, and then exposed to colored artificial saliva.                                                                             
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------ ------------------------------------ -----------------

Discussion {#s4}
==========

Color changes in dentistry can be measured using spectrophotometers or colorimeters.^[@R14]^These instruments reduce subjective errors of color assessment with the naked eye.^[@R16],[@R21]^CIELAB color system was developed by the Commission International d'Eclairage for measuring colors on the basis of human perception and it is widely used today for color assessment. DE (color difference value) shows the amount of color change in comparison to the baseline color.^[@R23]^

In this system, ΔE values greater than 3.7 units and ΔL values greater than 2 units are clinically unacceptable.^[@R24],[@R25]^ΔL is more significant compared to Δa and Δb parameters because its changes can be detected more easily by the human eye. In the present study, ΔE of all the five groups were less than 3.7; therefore, these color changes were considered clinically imperceptible by the human eye.

The lighting condition under which color measurement is performed affects the colorimeter values.^[@R13]^Therefore, all the color evaluations were carried out at midday (9-10 a.m.). Furthermore, since evaluation of the color difference was the aim of the present study, the choice of illuminant was not considered important.

In the current study, we investigated the effect of extended time of etching on tooth color changes. There are clinical conditions in which we have to extend the standard etching time. For example, Firoozmand et al^[@R27]^reported that during bonding orthodontic brackets to bleached enamel, bond values lower than 10 MPa can be found when etching time is only 15 seconds. They found that acid etching for 30 seconds provided the highest bond strengths.

Based on the results of this study, extended time of etching up to 60 seconds caused more enamel discoloration in samples immersed in colored artificial saliva after 72 hours of etching (Group E, delayed exposure to colored agent), and also in samples immediately immersed in simple artificial saliva (Group B). However, it should be noted that the DE values of both groups were below 3.7 units and clinically undetectable. Further research with extended time of etching, before immersion in different solutions, is suggested to simulate clinical conditions.

In clinical conditions, the tooth labial surface is usually etched completely before bracket bonding. Although resin is applied to etched enamel, there remain some areas which are still uncovered. These areas are exposed to different colored agents and can cause unsightly enamel discoloration.

Since most of the young patients referred for orthodontic treatments drink cola during their meals, cola was used as a coloring agent to induce discoloration of etched enamel in the present study. The other reason for choosing cola as colored agent, beside the popularity, was its lower pH (2.8) in comparison with Fanta and Miranda, the other popular beverages in Iran.

According to Um and Ruyter,^[@R11]^ although Cola has a low pH and might damage the surface integrity of enamel, it does not produce as much discoloration as coffee or tea, which can be explained by its lack of yellow colorants. In this regard, Bagheri et al^[@R16]^ and Ertas et al^[@R14]^ reported more composite discoloration with coffee and tea than cola. Therefore, in clinical practice, patients should also be aware of staining effects of other drinks such as coffee or tea.

Almaaitah et al^[@R27]^evaluated the effect of fixed orthodontic appliances on tooth color in a prospective clinical study. They found that the average tooth color difference after orthodontic treatment was 2.85 units. Men and adolescents had greater color change than did girls and adults. In the present study, we used human first premolars that were extracted for orthodontic purposes. We did not have any information regarding the age or sex of patients.

It should be noted that in vitro studies may not be a reliable simulation of clinical situations and randomized clinical trials are necessary to establish these findings.

Conclusion {#s5}
==========

Within the limitations of the present study, the following results have been drawn:

1.  If the time of acid etching is limited to 15 seconds, it does not cause enamel staining following exposure to cola.

2.  When time of etching was extended to 60 seconds, no significant color changes occurred after exposure to staining solutions.

3.  Immediate and late exposure of etched enamel to colored artificial saliva did not result in a clinically detectable tooth color change.
